Although cigarette smoking is a major modifiable risk factor for the occurrence of primary and secondary cardiovascular disease (CVD), not all survivors from CVD attacks can successfully stop smoking. However, little is known about the factors associated with the change in smoking behavior after CVD attack.
INTRODUCTION
Cardiovascular disease (CVD) including stroke and coronary heart disease is one of the major causes of death worldwide. 1) In 2010, CVD was the second leading cause of death in Korean people, accounting for one-fourth of entire deaths.
2) Moreover, CVD patients tend to commonly experience recurrent heart attacks or stroke even after they survive an attack of CVD. 3) For each year. 3) Therefore, every possible preventive effort should be made to reduce the occurrence of primary as well as secondary CVD. A study has reported that adherence of CVD patients to recommended health behavior such as an adequate diet, regular exercise, and smoking cessation was associated with a substantially lower risk of recurrent CVD events. 4, 5) Cigarette smoking is not only a well-known major modifiable risk factor for primary CVD 6) occurrence but is also associated with the outcome and prognosis of CVD. [7] [8] [9] [10] Exposure to smoking accelerates vasomotor dysfunction, atherosclerosis, and thrombosis in multiple vascular systems. 11) The effect of smoking cessation on later mortality after the attack by coronary heart disease showed that smoking cessation resulted in a significant decrease in mortality. 7, 8) Long term outcome after the attack of stroke is more frequently found to benefit from smoking cessation. 9, 10) Despite the suggested beneficial effects of smoking cessation after CVD, the persistent smoking rate after 2 to 10 years after the CVD attack was found to be between 26% and 71% in a meta-analysis, 8) which indicates control of smoking is a very important issue in CVD survivors.
There have been studies which have evaluated the factors associated with persistent smoking after CVD. [12] [13] [14] [15] [16] [17] Given that smoking patterns differ between countries, 18) factors influencing smoking habit may also differ between different populations.
However, most of those studies were conducted in Western populations with only one study in the Korean population. 17) Furthermore, most studies were designed with a short-term follow-up period and findings were inconsistent between the studies. Previous studies showed that factors associated with smoking behavior after CVD attack included a history of smoking related disease, 12, 13) depression, 13, 14, 16) Fagerstrom score, 13, 14) the number of household members who smoke, 14) the number of previous attempts to quit smoking, 15) prior use of alcohol, 16, 17) age when smoking began, 16) and time lapse after the CVD diagnosis. 17) In this regard, we aimed to evaluate the factors associated with persistent smoking among Korean CVD survivors using the fourth Korean National Health and Nutrition Examination Survey (KNHANES IV) data, a nationwide community survey.
METHODS

Study Participants
The study subjects were Korean men and women aged Center approved the present study and acquisition of informed consent form was exempted because the data of KNHANES do not contain any identifiable personal information.
Measurements
The KNHANES survey is composed of a health interview survey, self-administered questionnaire survey, health examination, and nutrition survey. For the health interview survey, data was collected using a structured questionnaire regarding demographic characteristics, socioeconomic status, at smoking initiation, duration of smoking, and age at diagnosis of cardiovascular disease, the age at quit-smoking and the time interval with regard to the age at CVD attack were estimated. We defined 'quitter' as a person who stopped smoking after the attack of CVD. We defined 'non-quitter' as a person who continued smoking even after the attack of CVD.
We defined regular drinker as a person who drank more often than once a month. Physical activity was categorized into two groups (active and inactive). If a person was involved in any one of the following types of physical activity, then he/she was categorized into the physically 'active' group: vigorous exercise (running, climbing, riding a bicycle fast, swimming fast, playing soccer, playing basketball, jump rope, playing squash, playing a single game of tennis, or weightlifting of heavy things) for more than 20 minutes at a time at a frequency of more than three times a week; moderate intensity exercise (swimming slowly, playing a double game of tennis, playing volleyball, playing badminton, playing ping-pong, or weightlifting of light thing) for more than 30 minutes at a time at a frequency of more than five times a week;
and walking (including walking to work or to school) more than 30 minutes at a time at a frequency of more than five times a week.
In a health examination survey, body weight and height were measured with a person in light clothing and no shoes. Body mass index was calculated as weight in kilograms divided by height in meters squared. Then, obesity was defined based on body mass index (≥25 kg/m 2 ) according to the World Health Organization's standard for Asian people. 19) In addition, the level of glucose after a minimum 8 hours of fasting was assessed in fresh serum. Blood pressure was measured three times by trained medical staff, and the averaged value of the second and third measurement of blood pressure was used for analysis.
We identified a person with previous CVD attack based on the question asking "Have you ever been told by your doctor that you had a stroke, myocardial infarction, or angina pectoris?" We defined hypertension as follows: high systolic blood pressure (≥140 mm Hg), high diastolic blood pressure (≥90 mm Hg), or taking antihypertensive medication at the time of survey. We defined diabetes as follows: high fasting serum glucose level (≥7 mmol/L), taking oral hypoglycemic agents or insulin at the time of survey, or previous diagnosis of diabetes by a doctor.
Statistical Analysis
We In Table 1 , characteristics between the CVD group (683 persons) and non-CVD group (16,124 persons) were compared.
Mean age of the CVD group was about 20 years older than that of non-CVD group (P < 0.001). After age standardization, we found ever-smoking was significantly more prevalent among CVD patients.
In Table 2 , the characteristics of quitters and non-quitters were compared. Time interval since CVD attack was shorter for non-quitters than for quitters. Non-quitters were more likely to have achieved a higher level of education, smoke fewer cigarettes, and have smokers among family members compared with quitters. Prevalence of diabetes was lower among non-quitters than among quitters. A previous study showed that the risk of persistent smoking was about 1.5 times higher among coronary heart disease patients than stroke patients. 16) It was presumed that the labeling effect of stroke was stronger than that of coronary heart disease, given the greater undesirable consequences of stroke including neurological impairment. However, there was no significant difference between stroke patients and coronary heart disease patients in the present study.
Experiencing a smoking-related disease such as CVD might be a potential trigger factor for smoking cessation. 12) However, there have been several studies that do not support this assumption. A Values are presented as mean ± SD or % (SE).
*Obtained by t-test or chi-square test. † For some subjects (0.88%-15.15%), information was not available. ‡ Imputation for missing data (for two subjects) was done with mean value of subjects in his/her age group. 20) The smoking rate of coronary heart disease patients was reported to be 60.40% in a study conducted in two university affiliated hospitals located in Seoul. 17) Our study also revealed that a high proportion (63.3%) of CVD patients continued smoking even after diagnosis of CVD. These findings suggest that experience with smoking-related diseases is not always enough to induce smoking cessation. Therefore, more aggressive efforts should be put towards smoking cessation for CVD patients who smoke.
Alcohol drinking was found to be associated with significantly higher risk of continued smoking after CVD. Other studies in CVD patients also showed a positive association between cigarette smoking and alcohol consumption. 16, 17, 21) These findings suggest that not only the smoking but also alcohol drinking should be the target of behavioral changes for CVD patients.
In a previous study, the number of household members who smoke predicted smoking status of stroke survivors. 14) Although we could not evaluate the association between the number of smokers among family members and persistent smoking due to the lack of available data, presence of smokers among family Generally, light smokers are more likely to quit smoking due to lower nicotine dependency than heavy smokers among the general population. 22 ) However, we found that quit-smoking was positively associated with the amount of smoking. Similar findings were observed in a previous study 12) and the authors suggested that smokers with higher cigarette consumption are more likely to recognize the causal relationship between smoking and their diseases, and thus are more strongly motivated to quit smoking. 12 ) Therefore, special attention should be paid to CVD patients who smoke fewer cigarettes.
Interestingly, a low level of education was a significant predictor of smoking cessation in our study. Regarding this issue, previous studies have shown contradictory findings. A higher educated person is more likely to be a successful quit-smoker among the general population because they are more healthconscious. 23) The recently raised price of cigarettes may be related with the findings of our study. Although education level does not fully represent income level, smokers who achieved a lower level of education would be more sensitive to the raised price of cigarettes. However, we could not investigate this issue.
We found that time lapse after the diagnosis of CVD was positively associated with smoking cessation. This finding is inconsistent with the findings from studies in western populations in which many CVD patients quit smoking immediately after the diagnosis of CVD and then gradually restarted smoking with time lapse. 12, 24) This difference between ours and other studies may be related to the difference in time of introduction of a smoking restriction policy between Korea and western countries where smoking restriction policies were started much earlier. 25) In Korea, smoking cessation rate is also gradually increasing among the general population with the strengthening of anti-smoking policy over the last decade, 26) which may be reflected in our study.
Our study has both limitations and strengths. Information bias could be possible regarding CVD history and smoking habit because the information was obtained by questionnaire instead of medical record review or laboratory testing such as a cotinine level test. Our study was conducted in a cross-sectional design and a cause-effect relation may be uncertain especially for the changeable factors such as alcohol drinking. However, the finding from our study could be more generalizable to the Korean population because we used KNHANES data for which nationwide probability sampling was applied. In addition, we evaluated the factors associated with changes in smoking behavior over a long time period (7.29 years).
In conclusion, this study in Korean representative samples
shows that a materially great proportion of CVD patients tended to continue smoking. Drinking alcohol regularly and presence of smokers among family members were associated with an increased risk of persistent smoking, while low educational level, 
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